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In vision research, it is well established that the perceptual characteristics of an object are induced by the context in which that object is perceived. In particular, two different phenomena can be observed: The first one is called “contrast effect” and consists in an increase of the perceived differences between the object and its surround; the second one is called “assimilation effect” and consists in a decrease of their perceived differences.
Historically, in the lightness domain, the study of contrast and assimilation effects has followed two different approaches. On the one hand, the lightness contrast effect has been the core of several theories, mainly focused on the classical simultaneous lightness contrast display (for a review of the main theories of lightness contrast see Gilchrist et al., 1999; Gilchrist, 2006). On the other hand, the lightness assimilation effect has been studied by individuating the factors responsible for it (e.g., von Bezold, 1862; Burnham, 1953; Musatti, 1953; Helson, 1963, 1964; Beck, 1966; Soranzo, Galmonte & Agostini, 2010), rather than searching for a general theory able to explain the effect. 
Perceptual belongingness in the domain of lightness has been defined as follows: “A field part x is determined in its appearance by its 'appurtenance' to other field parts. The more x belongs to the field part y, the more will its whiteness be determined by the gradient xy, and the less it belongs to the part z, the less will its whiteness depend on the gradient xz.” (Koffka, 1935, p.246). Belongingness (Gestaltzugehörigkeit) has been found to affect different colour phenomena like contrast, constancy, and assimilation (e.g., Benary, 1924; Fuchs, 1923; Agostini & Proffitt, 1993, Agostini & Galmonte, 1999, 2002; Soranzo & Agostini, 2004, 2006).
A “belongingness paradox” arises from the fact that, in the literature, different Gestalt scientists used the perceptual belongingness concept to explain both contrast and assimilation (Agostini & Galmonte, 2000). 

Contrast effects explained by belongingness




Agostini & Proffitt (1993) demonstrated how the lightness contrast can be evoked by perceived grouping, even in absence of edge proximity between induced and inducing regions. Authors demonstrated that the principle of belongingness, emerging by Gestalt laws of grouping, can be generalized to other situations and that the contrast effect takes place also without adjacency. 
Successively, Agostini & Galmonte (2002) showed that, when higher-level and lower-level factors act contemporaneously, the contrast effect induced by the global organisation principle of perceptual belongingness overcomes the effect due to retinal lateral inhibition. 
Bressan (2001) and Gilchrist & Annan (2002) reported two lightness contrast displays in which grouping factors make a grey target totally surrounded by black appear darker than an equal grey target surrounded by white, reversing the classical contrast effect. Agostini, Murgia & Galmonte (2014) demonstrated that when the global grouping factors are removed, the Agostini & Galmonte effect (2002) is reversed. Conversely, in a number of variations of Bressan’s and Gilchrist & Annan’s displays, the elimination of the global grouping factors does not change the direction of the effect. These results indicate that the factors determining the Agostini & Galmonte effect are different from those acting on the other two configurations, in which the lightness change is due also to factors other than belongingness.

Assimilation effects explained by belongingness




An assimilation configuration similar to the Fuchs’ one has been created by Musatti (1953). Similarly to Fuchs’ display, in Musatti’s display a central orange octagon can be made to belong to either a group of yellow or red trapezia. As a result, it appears respectively as yellowish or as reddish. 
To sum up, there are several examples in which belongingness seems to be responsible for opposite perceptual outcomes. Indeed, in some cases the perceptual result is a contrast effect (i.e., Benary); whereas in other cases the perceptual result is an assimilation effect (i.e., Fuchs), giving rise to the belongingness paradox.

The new approach
To account for the belongingness paradox, we will focus on the research of two eminent Gestalt psychologists, Fuchs and Benary. Let’s try to identify the main differences between their displays.
A first difference that has to be noted concerns the grouping stability, that is, whether a visual element can belong to: a) more than one group, one at a time, or b) always one single group. In Fuchs display, the target can be grouped together with the other dots in at least two different ways, that is, with either the yellow dots or the red dots. For this reason, the target belongingness is multi-stable. On the other hand, in Benary's display, the target belongingness is stable, because there are always two grey targets, and each of them is perceived to be stably grouped with only one region. We define these two situations Multi-stability (M) vs. Stability (S) of grouping, respectively. 
A second difference regards grouping intentionality, elicited by different task instructions. In Fuchs’ experiment, the task instructions were to fixate the central disk and to alternatively see it grouped with the yellow/red disks intentionally forming a diamond and to report the colour of the central disk. Benary, instead, using a fixation point, asked to compare the lightness of the two target triangles and to report which of them was darker/lighter. In this case, task instructions did not require to intentionally group elements of the configuration. It must be noted that the task instructions used by Fuchs imply that observers had to focus their attention to concentrate upon one of the two possible figural solutions (Fuchs, 1923); while Benary’s task instructions imply that observers had to distribute their attention (Benary, 1924). We define these two situations Intentionality (I) vs. Non-intentionality (N) of grouping, respectively.
Grouping stability and grouping intentionality are closely related. Indeed, in the Fuchs experiment to make the judgment participants had to intentionally allocate their attention focusing on a local part of the display to obtain a temporarily stable perceptual grouping; while, in the Benary experiment participants had to fixate the centre of the display to globally distribute their attention on the whole display, and, in this case, a non-intentional permanently stable perceptual grouping arises (i.e., according to the Gestalt laws of perceptual organisation). 
How we have just seen, Fuchs and Benary configurations are very different in many aspects. To try to better understand which are the causes of the belongingness paradox, we built a set of Fuchs- and Benary-like displays that can be considered comparable in terms of chromaticity and spatial articulation (Agostini & Galmonte, 1999), manipulating both grouping stability and intentionality: 1) Grouping Intentionality: Intentional (I) and Non-intentional (N); 2) Grouping Stability: Stable (S) and Multi-stable (M).

To reach this aim we created four displays (see Table 1). Our hypothesis is that perceptual belongingness is modulated by both grouping intentionality and stability, determining the direction of the lightness induction, that is, whether assimilation or contrast will be perceived.

	Grouping intentionality	Grouping stability
Fuchs-like display-1 (Figure 5)	Intentional (I)	Multi-stable (M)
Benary-like display-1 (Figure 6)	Non-intentional (N)	Stable (S)
Fuchs-like display-2 (Figure 7)	Non-intentional (N)	Multi-stable (M)




Experiment 1. Fuchs-like display-1: Multi-stable - Intentional grouping (M - I)







Observers. Sixteen undergraduate students were tested, all having normal or corrected to normal vision.  All were volunteers and naïve as to the purpose of the experiment. The experiments were carried out according to our insitution guidelines for ethical issues and in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki). Informed consent was obtained from participants.

Apparatus and Stimuli. All patterns were displayed on a calibrated monitor (Quato Intelli Proof 242 excellence).  The display appeared in the centre of the screen. Chromaticity and luminance did not vary appreciably over the effective viewing area. All the stimuli were simulations of uniformly illuminated matte papers.  We refer to the stimuli and their simulated properties as though they were actual papers.  The luminance values expressed in candelas/m2 were the same for all experiments; that is, black: 1.75, white: 75.15 and middle grey: 23.85. In this experiment the background was light grey (luminance = 41.68 cd/m2) and the size of the dots was 1 deg of visual angle in diameter. A scale of 10 grey dots was placed horizontally just below the configuration and the distance between the centres of these dots was 0.8 deg.  Letters of the English alphabet were placed below the dots to better identify them on the scale. The luminance of the grey dots on the scale ranged from 19.35 cd/m2 to 27.45 cd/m2 with a constant increment of .9 cd/m2 (see Figure 5).






First of all, we subtracted the objective value of the target from all the collected data. This means that a positive value indicates an induction effect in the direction of lightening whereas a negative value indicates an induction effect in the direction of darkening. Our data show that when the target was intentionally grouped with the white dots, the average luminance value was 0.98 cd/m2 (SE = 0.21), whereas when the target was grouped with the black dots, it was -1.71 cd/m2 (SE = 0.12). A one-tailed paired samples t-test revealed a significant difference between the two conditions, t(15) = 12.21, p < .001. Two one-sample t-tests were performed to compare the perceived values with the zero value, revealing a significant difference in the direction of assimilation both for the white inducers, t(15) = 4.77, p < .001, and for the black inducers, t(15) = -13.76 p < .001.
The results showed that the Fuchs assimilation effect occurs also with an achromatic display, namely the lightness of the grey target was assimilated to the lightness of the group to which it was intentionally grouped. Moreover, even though we found an assimilation effect for both configural solutions, our data revealed an asymmetry for the colour of the inducers. Indeed, the assimilation effect seems to be larger when the target was intentionally grouped with the black dots than when it was grouped with the white dots. 


Experiment 2. Benary-like display-1: Stable - Non-intentional grouping (S - N)








Observers.  Participants were the same as the Experiment 1.

Apparatus and Stimuli.  The features of apparatus and stimuli were the same as in Experiment 1, except that there were two grey targets, having the same reflectance as in the previous experiments. The distance between the centres of the two targets was 4.8 deg of visual angle. A dark grey square fixation point (0.2 deg of visual angle, 10.8 cd/m2) was centred between the two grey dots (see Figure 6).





Data has been treated as in experiment 1. The target grouped with the white dots resulted in an average luminance value of -1.52 cd/m2 (SE = 0.09), whereas for the target grouped with the black dots the average value was 0.81 cd/m2 (SE = 0.26). A one-tailed paired samples t-test revealed a significant difference between the two conditions, t(15) = 8.19, p < .001. Two one-sample t-tests were performed to compare the perceived values with the zero value, revealing a significant difference in the direction of contrast both for the white inducers, t(15) =-16.75, p < .001, and for the black inducers, t(15) = 3.06, p < .01. 




Experiment 3. Fuchs-like display-2: Multi-stable - Non-intentional grouping (M - N)







Observers. Participants were the same as the previous Experiments.

Apparatus and Stimuli. The features of apparatus and stimuli were the same as in the previous Experiments. 





Data has been treated as in the previous experiments (perceived luminance – objective luminance). We arbitrarily decided to name “white” the condition when the white dots were between the target and the fixation point, while we named as “black” the condition in which the black dots were between the target and the fixation point.  A one-tailed paired samples t-test did not reveal a significant difference between the two conditions (p =0.19). For the “white” condition, the target resulted in an average luminance value of -0.30 cd/m2 (SE = 0.13), whereas for the “black” condition, the target resulted in an average luminance value of -0.20 cd/m2 (SE = 0.09). Moreover, two one-sample t-tests were performed to compare the perceived values with the zero value. These analyses revealed that for the “white” condition there was a significant effect in the direction of contrast, t(15) = -3.13, p<0.01. Conversely, for the “black” condition there was a significant effect in the direction of assimilation, t(15) = -2.21, p<0.05. 
Our results indicate that the two factors that may be responsible for contrast and assimilation effects (i.e., respectively, non-intentionality and multi-stability) compete with each other, but one of them seems to always prevail. In our opinion, this may be due to the asymmetries for black and white inducers showed in the first two experiments.


Experiment 4. Benary-like display-2: Stable - Intentional grouping (S - I)








Observers. Participants were the same as the previous Experiments.

Apparatus and Stimuli. The features of apparatus and stimuli were the same as in previous Experiments. 





Data has been treated as in the previous experiments (perceived luminance – objective luminance). When the target was intentionally grouped with the white dots, the average luminance value was -0.30 cd/m2 (SE = 0.14), whereas when the target was grouped with the black dots, it was -0.48 cd/m2 (SE = 0.10). A one-tailed paired samples t-test did not reveal a significant difference between the two conditions (p =0.34). Moreover, two one-sample t-tests were performed to compare the perceived values with the zero value. These analyses revealed that when the target was grouped with white dots, there was a significant effect in the direction of contrast, t(15) = -2.17, p<0.05. Conversely, when the target was grouped with black dots, there was a significant effect in the direction of assimilation, t(15) = -5.87, p<0.001. 





To simultaneously investigate the role of Stability (S / M), Intentionality (I / N), and Lightness (B / W), we performed a 2x2x2 ANOVA on all the data. The results showed that the interactions Intentionality x Lightness, F(1,15)=197.13; p<0.001; η2=0.93, and Stability x Lightness, F(1,15)=180.38; p<0.001; η2=0.92 were statistically significant. To separately test the effects of grouping intentionality and grouping stability, we performed two couples of cross comparisons between displays where one factor was kept constant and the other was manipulated. The level of significance was set at p = 0.05 and was adjusted with the Bonferroni correction to avoid type I errors associated with multiple testing. As a consequence, we adjusted the levels of significance both for ANOVAs and t-tests, resulting equal to p = 0.0125 (0.05/4 tests) and p = 0.00625 (0.05/8 tests), respectively.

Effect of grouping intentionality

To better explore the interaction Lightness x  Intentionality, we performed two cross comparisons between displays where the grouping stability factor was constant and grouping intentionality was manipulated: 1. Fuchs-like display-1 (I – M) vs. Fuchs-like display-2 (N – M); 2. Benary-like display-1 (N – S) vs. Benary-like display-2 (I – S).

Fuchs-like display-1 (I – M) vs. Fuchs-like display-2 (N – M). A 2x2 ANOVA revealed a significant main effect for Lightness, F(1,15)=92.90; p<0.001; η2=0.86, and a significant interaction Intentionality x Lightness, F(1,15)=118.49; p<0.001; η2=0.89. Two paired samples t-tests separately compared the displays for black and white conditions, showing that both black, t(15)=-12.24; p<0.001, and white, t(15)=5.67; p<0.001, conditions significantly differ. In both conditions the direction of the lightness induction due to non-intentionality was that of contrast. 
The results of Fuchs-like display-1 (I – M) revealed an assimilation effect for both black and white conditions. We know from the results of Benary-like display-1 that when there is no need of an intentional grouping for creating stable belongingness relationships, contrast is elicited. Therefore, it would be reasonable to expect that the introduction of non-intentionality in a Fuchs-like display would determine an induction effect in the direction of contrast.
In the Fuchs-like display-2 we obtained a significant effect of contrast for the white condition, but for the black condition the effect was that of assimilation. This apparent paradox may be explained by the asymmetrical effect for black and white obtained in Fuchs-like display-1. Indeed, in the white condition, the assimilation effect observed in Fuchs-like display-1 was relatively small (0.98 cd/m2), and removing the intentionality (Fuchs-like display-2) we obtained an induction effect in the direction of contrast equivalent to 1.37 cd/m2, which was sufficient to reverse the effect (-0.39 cd/m2). In the black condition, the assimilation effect observed in Fuchs-like display-1 was relatively large (-1.71 cd/m2), and removing the intentionality (Fuchs-like display-2) we obtained an induction effect in the direction of contrast equal to 1.51 cd/m2, which was not sufficient to reverse the effect (-0.20 cd/m2).
 
Benary-like display-1 (N – S) vs. Benary-like display-2 (I – S). A 2x2 ANOVA revealed a significant main effect for Lightness, F(1,15)=37.20; p<0.001; η2=.71, and a significant interaction Intentionality x Lightness, F(1,15)=58.39; p<0.001; η2=0.80. Two paired samples t-tests separately compared the displays for black and white conditions, showing that both black, t(15)=5.17; p<0.001, and white, t(15)=-7.17; p<0.001, conditions significantly differ. In both conditions the direction of the lightness induction due to intentionality was that of assimilation. 
The results of Benary-like display-1 (N – S) revealed a contrast effect for both black and white conditions. We know from the results of Fuchs-like display-1 that when there is need of an intentional grouping for creating temporarily stable belongingness relationships, assimilation is elicited. Therefore, it would be reasonable to expect that the introduction of intentionality in a Benary-like display would determine an induction effect in the direction of assimilation.
In the Benary-like display-2, we obtained a significant effect of contrast for the white condition, but for the black condition the effect was that of assimilation. This apparent paradox may be explained by the asymmetrical effect for black and white obtained in Benary-like display-1. Indeed, in the white condition, the contrast effect observed in Benary-like display-1 was relatively large (-1.52 cd/m2), and introducing the intentionality (Benary-like display-2) we obtained an induction effect in the direction of contrast equivalent to 1.22 cd/m2, which was not sufficient to reverse the effect (-0.30 cd/m2). In the black condition, the contrast effect observed in Benary-like display-1 was relatively small (0.81 cd/m2), and introducing the intentionality (Benary-like display-2) we obtained an induction effect in the direction of assimilation equal to -1.29 cd/m2, which was sufficient to reverse the effect (-0.48 cd/m2).


Effect of grouping stability

To better explore the interaction Lightness x Stability, we performed two cross comparisons between displays where the grouping intentionality factor was constant and grouping stability was manipulated: 1. Fuchs-like display-1 (I – M) vs. Benary-like display-2 (I – S); and 2. Benary-like display-1 (N – S) vs. Fuchs-like display-2 (N – M).

Fuchs-like display-1 (I – M) vs. Benary-like display-2 (I – S). A 2x2 ANOVA revealed a significant main effect for Lightness, F(1,15)=107.52; p<0.001; η2=0.88, and a significant interaction Stability x Lightness, F(1,15)=69.79; p<0.001; η2=0.82. Two paired samples t-tests separately compared the displays for black and white conditions, showing that both black, t(15)=-6.96; p<0.001, and white, t(15)=5.67; p<0.001, conditions significantly differ. In both conditions the direction of the lightness induction due to stability was that of contrast. 
The results of Fuchs-like display-1 (I – M) revealed an assimilation effect for both black and white conditions. We know from the results of Benary-like display-1 that stable grouping leads to contrast. Therefore, it would be reasonable to expect that the introduction of grouping stability (by using a stable Benary-like display, instead of a multi-stable Fuchs-like display), keeping constant grouping intentionality, would determine an induction effect in the direction of contrast.
In the Benary-like display-2, we obtained a significant effect of contrast for the white condition, but for the black condition the effect was that of assimilation. This apparent paradox may be explained by the asymmetrical effect for black and white obtained in Fuchs-like display-1. Indeed, in the white condition, the assimilation effect observed in Fuchs-like display-1 was relatively small (0.98 cd/m2), and introducing the stability (Benary-like display-2) we obtained an induction effect in the direction of contrast equivalent to -1.28 cd/m2, which was sufficient to reverse the effect (-0.30 cd/m2). In the black condition, the assimilation effect observed in Fuchs-like display-1 was relatively large (-1.71 cd/m2), and introducing the stability (Benary-like display-2) we obtained an induction effect in the direction of contrast equal to 1.23 cd/m2, which was not sufficient to reverse the effect (-0.48 cd/m2).

Benary-like display-1 (N – S) vs. Fuchs-like display-2 (N – M). A 2x2 ANOVA revealed a significant main effect for Lightness, F(1,15)=49.71; p<0.001; η2=0.77, and a significant interaction Stability x Lightness, F(1,15)=61.53; p<0.001; η2=0.80. Two paired samples t-tests separately compared the displays for black and white conditions, showing that both black, t(15)=3.89; p<0.005, and white, t(15)=-7.75; p<0.001, conditions significantly differ. In both conditions the direction of the lightness induction due to multi-stability was that of assimilation. 
The results of Benary-like display-1 (N – S) revealed a contrast effect for both black and white conditions. We know from the results of Fuchs-like display-1 that multi-stable grouping leads to assimilation. Therefore, it would be reasonable to expect that the introduction of grouping multi-stability (by using a multi-stable Fuchs-like display, instead of a stable Benary-like display), keeping constant non-intentionality, would determine an induction effect in the direction of assimilation.
In the Fuchs-like display-2, we obtained a significant effect of contrast for the white condition, but for the black condition the effect was that of assimilation. This apparent paradox may be explained by the asymmetrical effect for black and white obtained in Benary-like display-1. Indeed, in the white condition, the contrast effect observed in Benary-like display-1 was relatively large (-1.52 cd/m2), and introducing the multi-stability (Fuchs-like display-2) we obtained an induction effect in the direction of assimilation equivalent to -1.13 cd/m2, which was not sufficient to reverse the effect (-0.39 cd/m2). In the black condition, the assimilation effect observed in Fuchs-like display-1 was relatively small (-0.20 cd/m2), and introducing the multi-stability (Fuchs-like display-2) we obtained an induction effect in the direction of assimilation equal to 1.01 cd/m2, which was sufficient to reverse the effect (-0.81 cd/m2).

Discussion of cross comparison analyses
The simultaneous investigation of grouping stability and intentionality showed that both factors have an important role in determining the direction of lightness induction. Keeping constant stability or intentionality and manipulating one of them at a time, it was possible to better understand their relative contribution in giving rise to either contrast or assimilation. In particular, our results showed that keeping constant the grouping stability, the introduction of grouping intentionality/non-intentionality evoked assimilation/contrast. Conversely, keeping constant the grouping intentionality, the introduction of grouping stability/multi-stability evoked contrast/assimilation.
Of note, the induction effects we found in the above reported cross-comparisons were quite constant and almost equal in absolute value (see Figure 7). Therefore, it seems plausible to conclude that the relative weight of grouping intentionality is quite similar to that of grouping stability; then the amount of their influence seems to be almost identical in modifying lightness.

General discussion
In four experiments, it was found that the belongingness paradox is related to both grouping stability and intentionality and that they both can be considered as crucial factors in determining whether contrast or assimilation will occur. Moreover, the results of our experiments revealed an asymmetry of the contrast and assimilation effects for black and white inducers. 
In Fuchs-like display-1 (I – M), the grouping intentionality factor was Intentional and the grouping stability factor was Multi-stable. In this display, one of the two possible diamond-like groups could be only maintained by intentionally focusing attention, since it does not have perceptual stability. Actually, being the target part of a multi-stable configuration, it has to be intentionally grouped within a subset of the inducing elements to perform the task. Indeed, it is plausible to suppose that when attention is released, other groupings can emerge. Our data suggest that assimilation occurs when there is intentional grouping and a target is temporarily grouped in a stable way within a multi-stable sub-group of elements.

In Benary-like display-1 (N – S), the grouping intentionality factor is Non-intentional and the grouping stability factor is Stable. In this display, two perceptual groups are spontaneously formed in a stable way according to the rules of perceptual organisation. Indeed, no intentional focusing of attention is necessary to perceive the two diamond-like groups. Our data suggest that contrast occurs when there is no intentional grouping and a target is stably grouped within a sub-group of elements.
In Fuchs-like display-2 (N – M), the grouping intentionality factor was Non-intentional and the grouping stability factor was Multi-stable. In this display, we combined one feature of the Fuchs-like display-1 and one feature of the Benary-like display-1, indeed the diamond-like groups were still multi-stable, but the task did not require to use intentionality to create perceptual grouping. Our data revealed an assimilation effect for the black condition, and a contrast effect for the white condition. Grouping intentionality was the only difference between this display and the Fuchs-like display-1 (I – M). Our data suggest that non-intentional grouping elicits contrast. Since in Fuchs-like display-1 assimilation was asymmetrical (larger for the black condition, smaller for the white condition), the influence of non-intentionality is sufficient to reverse the effect in the white condition, but not in the black one. On the other hand, grouping stability was the only difference between this display and the Benary-like display-1 (N – S). Our data suggest that grouping multi-stability elicits assimilation. Since in the Benary-like display-1 contrast was asymmetrical (smaller for the black condition, larger for the white condition), the influence of multi-stability is sufficient to reverse the effect in the black condition, but not in the white one.
In the Benary-like display-2 (I – S), the grouping intentionality factor is Intentional and the grouping stability factor is Stable. In this display, we combined one feature of the Benary-like display-1 and one feature of the Fuchs-like display-1, indeed two perceptual groups are spontaneously formed in a stable way according to the rules of perceptual organisation, and the task required observers to intentionally focus their attention on each of the two groups, one at a time. Our data revealed an assimilation effect for the black condition, and a contrast effect for the white condition. Grouping intentionality was the only difference between this display and the Benary-like display-1 (N – S). Our data suggest that grouping intentionality elicits assimilation. Since in the Benary-like display-1 contrast was asymmetrical (smaller for the black condition, larger for the white condition), the influence of intentionality is sufficient to reverse the effect in the black condition, but not in the white one. On the other hand, grouping stability was the only difference between this display and the Fuchs-like display-1 (I – M). Our data suggest that grouping stability elicits contrast. Since in the Fuchs-like display-1 assimilation was asymmetrical (larger for the black condition, smaller for the white condition), the influence of stability is sufficient to reverse the effect in the white condition, but not in the black one.





Fuchs and Benary used the perceptual belongingness concept to explain assimilation and contrast, respectively. This fact led to what has been called the “belongingness paradox” (Agostini & Galmonte, 2000). Analysing the differences between the configurations used by the two above-mentioned Gestaltists, it can be found that the main differences concern grouping stability and grouping intentionality. To investigate more deeply the origin of this paradox, we built a set of Fuchs- and Benary-like displays in which we manipulated both factors.
We hypothesized that both grouping stability and intentionality would modulate perceptual belongingness determining the lightness induction direction (assimilation vs. contrast), and the results confirmed our hypotheses. Indeed, we found that multi-stability and intentionality elicit assimilation, and that stability and non-intentionality elicit contrast.
While the grouping stability factor emerges according to laws of perceptual organization, the grouping intentionality factor involves a different modulation of attention. More specifically, intentionality implies focused attention whereas non-intentionality implies distributed attention. While the stability factor has been widely studied, the intentionality/attention factor is gaining more and more interest in the field of lightness research. 
Our results are in line with the literature on attention. In fact, it has been found that attention alters the way things look by both optimizing our representation of the sensory information and emphasizing the relevant details (e.g., Carrasco, Fuller & Ling, 2008; Carrasco, 2011; Fuller, Rodriguez & Carrasco, 2008; Treue, 2004). For instance, there is strong empirical evidence showing that objects placed at attended locations are described as appearing bigger, closer, more saturated than qualitatively indiscernible counterparts whose locations are unattended (Fuller & Carrasco, 2006; Tanesini, 2014). In the domain of lightness, there is an amount of evidence that attention can influence perceptual grouping (e.g., Peterson, 1986; Prinzmetal & Keysar, 1989; Tsal & Kolbet, 1985) and, moreover, that perceptual grouping can influence lightness through the modulation of attention (Tse, 2005). In his paper, Tse manipulated transparency and, consequently, he manipulated also stability, creating Multi-stable vs Stable configurations. He demonstrated that intentionally locating attention modulates the lightness of overlapping transparent surfaces. In experiments 1 and 4, we found a similar effect in displays where there is no transparency. 
Since in everyday life it is important to notice how things are the same as well as how they are different, assimilation increases similarity, and thereby, strengthens the group cohesiveness, whereas contrast serves to individuate elements within a group by enhancing their differences. At this regard, Tanesini (2014) argued that the perception of contrast has an ecological function in a Gibsonian sense. Objects at attended locations afford being looked at with more ease; this means that to perceive this affordance of the objects is to perceive several of their features, like contrast, with less “energetic” expenditure. Since less effort is required to look at these objects, they emerge more easily than objects at other locations. This enhanced visibility is experienced by observers as higher contrast or enhanced colour saturation of objects at attended locations. 
If it is true that intentionally focusing attention serves to create a perceptual group, leading to assimilation phenomena, which, in the end, serve to an observer to reduce visual differences among the elements of the group within the attended visual field, it seems reasonable that this reduction of differences is bi-directional. This means that it is plausible to hypothesize that, in multi-stable configurations, the assimilation process is reciprocal; that is, the grey element gains some amount of the black/white elements chromaticity and vice-versa. To empirically test this hypothesis it would be necessary to create an assimilation display in such a way that white elements are replaced by light grey elements, and black elements are replaced by dark grey elements. Additionally, the task of the observers would then be that of judging the lightness, for example on a scale, for both “inducing” and “induced” elements.
Another point that deserves to be further investigated regards the asymmetries we found for the contrast and assimilation effects for black and white inducers (see also de Weert and Spillmann, 1995). In fact, they can be either related to: 1. the absolute amount of luminance difference/perceived luminance difference; or 2. the incremental vs. decremental luminance contrast. At this regard, some hints that can help us to better understand the source of those asymmetries can be found in the lightness induction literature (e.g., Agostini, Daris & Galmonte, 2001; Agostini, Galmonte, Righi, 2003). Agostini, Daris & Galmonte (2001) found that, manipulating both the direction of physical contrast (increments/decrements) and the amount of physical contrast (low/high), in contrast configurations there is always an effect of contrast for both increments and decrements and for both levels of physical contrast, while in assimilation configurations there is always an effect of contrast for increments and no effect for decrements. This means that, at least in some conditions, contrast can be observed also in assimilation displays. Agostini, Galmonte, Righi (2003) measured with a Munsell scale the two halves of the Benary configuration separately. Surprisingly, they found contrast for the target induced by the black area, and assimilation for the one induced by the white area, even though the amount of the induction was larger for the target included in the black area. This result is quite similar to what we found also in the present experiments. Since the results reported in the two above-mentioned works are not decisive for understanding the causes of the asymmetries we are reporting in the present paper, it could be useful to test our displays also with double increments/decrements configuration. This investigation is definitely a further development that is worth to be studied. 
In conclusion, the main evidence of our experiments is that the crucial factors determining lightness contrast or assimilation are grouping intentionality and stability. Both intentionality/non intentionality and stability/multi-stability of the perceptual organisation affect belongingness relationships and then, in the end, determine whether contrast or assimilation will occur. As concerns the role of grouping intentionality, and therefore that of focused vs. distributed attention, there is diverging experimental evidence for other visual features, for instance, in the domain of size (Shulman, 1992; Agostini, 1993). Also, a more recent study has shown that attention distorts perceived shape (Carrasco et al., 2004). These latter results are consistent with those of Anton-Erxleben et al. (2007) and with the explanation they proposed to account for effects of attention on the size of an object (Carrasco, 2011). Therefore, it would be interesting to further investigate experimentally in what these differences within other visual features consist of and to better understand their theoretical implications.
Acknowledgments 




Agostini, T., (1993). Perceptual organization can produce effects of contrast and assimilation on perceptual features as orientation and size. Investigative Ophthalmology and Visual Science Abstract Book, 34/4, 1081.
Agostini, T., Daris, D., & Galmonte, A. (2001). Kanizsa's paradox revisited [Abstract]. Journal of Vision, 1(3), 424, 424a.
Agostini, T., & Galmonte, A. (1999). Spatial articulation affects lightness. Perception & Psychophysics, 61(7), 1345-1355.
Agostini, T., & Galmonte, A. (2000). Contrast and assimilation: the belongingness paradox. Review of Psychology, 7(1-2), 3-7.
Agostini, T., & Galmonte, A. (2002). Perceptual organisation prevails on local contrast in determining lightness. Psychological Science, 13(1), 88-92.
Agostini, T., Galmonte, A., & Righi, G., (2003). Why is the Benary effect so small? Perception, 32 ECVP Abstract Supplement.
Agostini, T., Murgia, M., & Galmonte, A. (2014). Reversing the reversed contrast. Perception, 43(2-3), 207-213.
Agostini, T., & Proffitt, D. R. (1993). Perceptual organisation evokes lightness contrast. Perception, 22, 263-272.
Anton-Erxleben, K., Henrich, C., & Treue, S. (2007). Attention changes perceived size of moving visual patterns. Journal of Vision, 7(11):5, 1–9.
Beck, J. (1966). Contrast and assimilation in lightness judgements. Perception & Psychophysics, 1, 342-344.
Benary, W. (1924). Beobachtungen zu einen Experiment über Helligkeitskontrast. Psychologische Forschung 5, 131-142. [The influence of form on brightness contrast, in: Ellis, W. D. (Ed.), A Source Book of Gestalt Psychology (1939). Routledge & Kegan Paul, London].
von Bezold, W. (1862). Die Farbenlehre. Table III and XX 118 200 215 245-246 [The theory of color, in: S. R. Köhler (1876)].
Bressan, P. (2001). Explaining lightness illusions. Perception, 30, 1031-1046.
Burnham, W. (1953). Bezold's color-mixture effect. American Journal of Psychology, 66, 377-385.
Carrasco, M. (2011). Visual attention: The past 25 years. Vision Research, 51, 1484–1525. 
Carrasco, M., Fuller, S., & Ling, S. (2008). Transient attention does increase perceived contrast of supra-threshold stimuli: A reply to Prinzmetal, Long, and Leonhardt (2008), Perception & Psychophysics, 70, 1151–1164.
Carrasco, M., Ling, S., & Read, S. (2004). Attention alters appearance. Nature Neuroscience, 7(3), 308-313. 
Fuchs, W. (1923). Experimentelle Untersuchungen über die Aenderung von Farben unter dem Einfluss von Gestalten (Angleichungserscheinungen). Zeitschrift für Psychologie, 92, 249-263.
Fuller, S., & Carrasco, M. (2006). Exogenous attention and color perception: Performance and appearance of saturation and hue. Vision Research, 46, 4032–4047.
Fuller, S., Rodriguez, R. Z., & Carrasco, M. (2008). Apparent contrast differs across the vertical meridian: Visual and attentional factors. Journal of Vision, 8(1):16, 11–16.
Gilchrist, A. L., Kossyfidis, C., Bonato, F., Agostini, T., Cataliotti, J., Li, X., Spehar, B., Annan, V., & Economou, E. (1999). An anchoring theory of lightness perception. Psychological Review, 106(4), 795-834.
Gilchrist, A., & Annan, V. (2002). Articulation effects in lightness: Historical background and theoretical implications. Perception, 31, 141-150.
Gilchrist, A. (2006). Seeing black and white. Oxford, UK, Oxford University Press.
Helson, H. (1963). Studies of anomalous contrast and assimilation. Journal of the Optical Society of America, 53, 179–184.
Helson, H. (1964). Adaptation-level theory. New York, Harper & Row.
Koffka, K. (1935). Principles of Gestalt psychology. New York, Harcourt, Brace and World.
Musatti, C. L. (1953). Luce e colore nei fenomeni del «contrasto simultaneo» della «costanza» e dell'«eguagliamento». Archivio di Psicologia, Neurologia e Psichiatria, 5, 544-577.
Peterson, M. A. (1986). Illusory concomitant motion in ambiguous stereograms: Evidence for nonstimulus contributions to perceptual organisation. Journal of Experimental Psychology: Human Perception and Performance, 12, 50–60.
Prinzmetal, W., & Keysar, B. (1989). A functional theory of illusory conjunctions and neon colors. Journal of Experimental Psychology: General, 118, 165–190.
Shulman, G. L. (1992). Attentional modulation of size contrast. Quarterly Journal of Experimental Psychology A, 45, 529-546.
Soranzo, A., & Agostini, T. (2004). Impossible shadows and lightness constancy. Perception, 33 (11), 1359-1368. 
Soranzo, A., & Agostini, T. (2006). Does perceptual belongingness affect lightness constancy? Perception, 35 (2), 185-192.
Soranzo, A., Galmonte, A., & Agostini, T. (2010). von Bezold effect reverses under stereoscopic conditions. Perception, 39, 592-605.	
Tanesini A. (2014). Spatial attention and perception: seeing without paint. Phenomenology and the Cognitive Sciences, (2014-02-07), 1-22.
Treue, S. (2004). Perceptual enhancement of contrast by attention. Trends in Cognitive Sciences, 8(10), 435-437.
Tsal, Y., & Kolbet, L. (1985). Disambiguating ambiguous figures by selective attention. Quarterly Journal of Experimental Psychology, 37A, 25–37.
Tse, P. U. (2005). Voluntary attention modulates the brightness of overlapping transparent surfaces. Vision Research, 45, 1095–1098. 
de Weert, C. M., & Spillmann, L. (1995). Assimilation: Asymmetry between brightness and darkness? Vision Research, 35, 1413–1419.
Figure captions

Figure 1. Benary's display. The grey triangle on the left (belonging to the white background) appears darker than the one on the right (belonging to the black triangle), even if they have identical reflectance and they are surrounded by the same quantity of black and white area. 

Figure 2. Fuchs’ display. When the orange disk (O) is intentionally grouped with (belongs to) the red disks (R) it appears as reddish, while when it is intentionally grouped with (belongs to) the yellow disks (Y), it appears as yellowish. 

Figure 3. The Figure depicts a Fuchs-like achromatic display. It is Multi-stable and Intentional. The middle grey target has to be intentionally grouped with both the black/white inducers disks one at a time, creating temporarily stable groups. A simulated achromatic Munsell scale allows measuring the size of the effect. The result is an assimilation effect for both groups.

Figure 4. The Figure depicts a Benary-like achromatic display created by modifying the previous Fuchs-like achromatic display to make them comparable. It is Stable and Non-intentional. The two middle grey targets are non-intentionally grouped with the black/white inducers disks, forming two stable groups. A simulated achromatic Munsell scale allows measuring the size of the effect. The result is a contrast effect for both groups.

Figure 5. The Figure depicts a Fuchs-like achromatic display created by doubling the previous Fuchs-like achromatic display to make it Multi-stable and Non-intentional. The two middle grey targets are non-intentionally grouped with the black/white inducers disks, forming two temporarily stable groups. A simulated achromatic Munsell scale allows measuring the size of the effect. The result is a contrast effect for the “white” group (the white dots were between the target and the fixation point) and an assimilation effect for the “black” group (the black dots were between the target and the fixation point). 

Figure 6. The Figure depicts a Benary-like achromatic display created by eliminating the fixation point from the previous Benary-like achromatic display to make it Stable and Intentional. The two middle grey targets have to be intentionally grouped with the black/white inducers disks, forming two temporarily stable groups. A simulated achromatic Munsell scale allows measuring the size of the effect. The result is a contrast effect for the white group and an assimilation effect for the black group. 










































^1	  Multi-stability was deducted by a preliminary test made on 10 observers who were asked to phenomenally describe the configuration. The descriptions they reported were quite diverse: some observers did not group anything at all, some perceived two symmetrical hexagons or circles, others perceived squares, others more than one possible grouping.
